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(57)Abstract: 

PROBLEM TO BE SOLVED: To fire a PZT-based dielectric ceramic at a 
desired low temperature and to prevent lowering of the performance of a 
base material. 

SOLUTION: The dielectric ceramic is obtained by providing a mixture or a 
calcined material of raw materials for the dielectric ceramic containing, as a 
main component, a composition having a dielectric ceramic composition of 
AB03-type, wherein, when B site is defined as 1, A site is Pb contained in 

a molar ratio of >0.9, then adding, as auxiliary oxides, PbOx+(W03y+Mo03 

z) (wherein, x+y+z=1 ; 0.005<y+z<0.4; and y, z>0) in an total amount of 0.05 IpgL*. 
to 20 mol.% to the mixture or the calcined material above, mixing, forming - — 
and firing the formed body. The total amount of tungsten and molybdenum 
in the fired body is lower than 0.098 moles when the molar amount of Pb is 
set to be 1, and the density of the fired body is >7.5 g/cm3. The auxiliary 
oxides are dispersed in the calcined powder, form a liquid phase at a 
desired temperature and accelerate firing, thereby it becomes possible to 
fire at a low temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1] AB03 When it has the dielectric ceramic presentation of a mold and B site is set to 1, while using as a 
principal component the constituent which contains the lead of 0.9 or more mole ratios to A site At least one sort in a 
tungsten and molybdenum is contained, and the consistency after baking is 3 7.5g/cm. Low-temperature baking-ized 
dielectric ceramics which is above and is characterized by being smaller than 0.37 mole ratios when the content of the 
sum total of a tungsten and molybdenum sets lead to 1 . 

[Claim 2] Low-temperature baking-ized dielectric ceramics according to claim 1 with which a tungsten and 
molybdenum are arranged in the grain boundary at high concentration rather than the inside of the grain of the dielectric 
ceramics. 

[Claim 3] either of above-mentioned claims 1 or 2 - the laminating mold dielectric element which has the laminated 
structure which made the electrode layer to which the melting point which uses copper as a principal component uses an 
electrode layer or silver thru/or silver, and palladium 1083 degrees C or less as a principal component intervene between 
the layers of the low-temperature baking-ized dielectric ceramics of a publication. 

[Claim 4] Above-mentioned claims 1 or 2 are the approaches of manufacturing the low-temperature baking-ized 
dielectric ceramics of a publication, either, the assistant oxide which blended at least one sort of oxide with the plumbic 
acid ghost at the following rate of a compounding ratio among a tungsten and molybdenum is used, and it is PbOx+ 
(W03 y+Mo03 z). 

However, x+y+z=l, 0.005<y+z<0.4, y, and z>=0ABO3 It has the dielectric ceramic presentation of a mold. When B site 
is set to 1, the constituent which contains the lead of 0.9 or more mole ratios to A site in the raw material mixture or the 
temporary-quenching object of the dielectric ceramics used as a principal component The manufacture approach of the 
dielectric ceramics which carries out addition combination of the above-mentioned assistant oxide at 0.05-mol % - 20- 
mol % of a rate, and is characterized by mixing, fabricating and calcinating. 

[Claim 5] The manufacture approach of the dielectric ceramics according to claim 4 of obtaining at least one sort of 
oxide for the above-mentioned assistant oxide among a tungsten and molybdenum to a plumbic acid ghost dry type or 
by carrying out wet blending, or carrying out wet blending, and grinding dry type or after carrying out temporary 
baking. 

[Claim 6] The manufacture approach of the dielectric ceramics according to claim 4 or 5 which makes the amount of the 
lead raw material in the above-mentioned raw material mixture the amount which reduced a supplied part from the lead 
oxide of the above-mentioned assistant oxide in the process which prepares the raw material mixture of the above- 
mentioned dielectric ceramics. 

[Claim 7] 6 is [ claim 4 using the above-mentioned assistant oxide which has the melting point from the temperature 
used as 3% of self-contraction of the above-mentioned dielectric ceramics before the completion temperature of 
contraction thru/or ] the manufacture approach of the dielectric ceramics a publication either. 

[Claim 8] The sheet which added the above-mentioned assistant oxide is used for the temporary baking powder which 
carried out temporary quenching of raw material powder or the raw material powder when fabricating the above- 
mentioned dielectric ceramics in the shape of a sheet, and 7 is [ printing, claim 5 which carries out a laminating and 
carries out coincidence baking, or ] the manufacture approach of the dielectric ceramics a publication either about an 
electrode layer to this. 

[Claim 9] Assistant oxide which is the assistant oxide used as an assistant at the time of sintering the ceramics, comes to 
blend at least one sort of oxide with a plumbic acid ghost among a tungsten and molybdenum, and is characterized by 
the sum total content of a tungsten and molybdenum being more greatly [ than 0.5 mol % ] smaller than 40-mol %. 
[Claim 10] Assistant oxide which is the assistant oxide used as an assistant at the time of sintering the ceramics, comes 
to carry out temporary quenching of the mixture which blended at least one sort of oxide with the plumbic acid ghost 
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among a tungsten and molybdenum, and is characterized by the sum total content of a tungsten and molybdenum being 
more greatly [ than 0.5 mol % ] smaller than 40-mol %. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the assistant oxide for making possible the dielectric ceramics included 
while composing lead especially the dielectric ceramics in which low temperature sintering is possible, its manufacture 
approach, and low temperature sintering. 
[0002] 

[Description of the Prior Art] Although the dielectric ceramics of a PZT (titanic-acid lead zirconate) system is useful as 
ingredients, such as a piezoelectric transformer and an electrostrictive actuator, there is fault that burning temperature 
needs to use refractory metals with a possibility that lead oxide (PbO) may evaporate that it is an elevated temperature, 
and a desired sintered compact presentation may not be acquired, such as platinum (Pt) expensive as an internal 
electrode ingredient, and serves as cost quantity. For this reason, the technique to which low temperature sintering of the 
dielectric ceramics is carried out is examined variously conventionally, and the three following large approaches are 
learned. 

** How to form into the low melting point the liquid phase generation oxide of the approach ** dielectric which 
atomizes the temporary baking powder of the approach ** dielectric which adds glass [0003] Among these, although the 
effectiveness that the approach of ** to which the glassiness of the low melting point is added to dielectric materials, 
and sintering temperature is reduced makes sintering temperature low is high, a dielectric constant becomes low by 
adding glass to a dielectric presentation. Moreover, when glassiness with weak reinforcement is intermingled, there is a 
trouble that product reinforcement falls. 

[0004] ** By atomizing the temporary baking powder of a dielectric with a medium agitation mill etc., an approach 
raises the reactivity of a particle, it is the approach of enabling baking at low temperature, for example, JP,7-277822,A, 
JP,8-104568,A, and JP,9-278535,A have a publication. However, generally the burning temperature of a PZT system 
ingredient is about 1200-1 100 degrees C, and the width of face of the temperature which can carry out [ low 
temperature ]-izing by the approach of** is at most about 100 degrees C. For example, in order to use cheap silver (Ag 
simple substance) as an electrode material, it is required for burning temperature to be 950 degrees C or less, and, also 
in the case of Ag containing Pd, 980 degrees C or less are required. Therefore, the approach of ** is not enough as the 
effectiveness which low-temperature-izes burning temperature. 

[0005] ** An approach is the approach of forming into the low melting point the liquid phase generation oxide which 
forms the liquid phase at the time of baking of a dielectric, if PZT is mentioned as an example - the presentation after 
temporary baking - lead titanate (PbTi03), lead zirconate (PbZr03), and titanic-acid lead zirconate (it is the mixture of 
Pb(Ti0.5 Zr0.5) 03, and participate in the generation reaction of PbTi03 and PbZr03 at the time of temporary baking — 
slight PbO which was not forms the liquid phase at a baking process.) This liquid phase is PbTi03 one by one. PbZr03 
It contacts and reacts and is Pb(Ti0.5Zr0.5) 03. Low temperature sintering is made possible by thinking that baking 
progresses, adding the oxide which forms PbO into the low melting point in the preparation phase of raw material 
powder, and forming the liquid phase at low temperature more. 
[0006] 

[Problem(s) to be Solved by the Invention] however - the approach of ** - liquid phase generation oxide 3, i.e., 
PbTiO, PbZr03 participate in a generation reaction - the amount of PbO which was not is uncontrollable. For this 
reason, the problem that sintering temperature changes by change of few manufacture conditions arises. Moreover, 
although liquid phase generation temperature changes with PbO at the time of baking, and the ratios of a low melting 
point oxide, since control of this ratio cannot be performed, sintering of a dielectric is uncontrollable to the temperature 
promoted effectively. Furthermore, although what is necessary is just to be in the grain boundary which is unrelated to a 
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dielectric presentation after the oxide to add calcinating, it may enter into a dielectric presentation, and when there are 
many amounts of residuals to a baking object, there is concern to which performance degradation poses a problem. 
[0007] this invention person etc. aims at preventing that control obtaining the dielectric ceramics in which baking at low 
temperature is possible, the amount of generation of the liquid phase, etc., make sintering temperature of a dielectric 
controllable, an additive moreover enters the dielectric organization after baking, and the engine performance of a 
dielectric is spoiled from before paying attention to the above-mentioned trouble. Moreover, the assistant oxide for 
obtaining such dielectric ceramics is realized, and it aims at manufacturing the dielectric of high performance with a 
sufficient controllability using this assistant oxide. 
[0008] 

[Means for Solving the Problem] Invention of claim 1 by this invention is AB03. When it has the dielectric ceramic 
presentation of a mold and B site is set to 1, it is the low-temperature baking-ized dielectric ceramics which uses as a 
principal component the constituent which contains the lead of 0.9 or more mole ratios to A site, and at least one sort in 
a tungsten and molybdenum is contained. The consistencies after the baking are 7.5 g/cm3. It is above, and when the 
content of the sum total of a tungsten and molybdenum sets lead to 1, it is characterized by being smaller than 0.37 mole 
ratios. 

[0009] In the low-temperature baking-ized dielectric ceramics of this invention, a tungsten and molybdenum are added 
as an assistant oxide. If the dielectric ceramics is calcinated, these assistant oxide will reach the melting point around 
730 degrees C to 980 degrees C, and will form the liquid phase during a ceramic presentation. The liquid phase offers 
the path of the mass transfer between ceramic particles, promotes the reaction between particles, and particle growth, 
and enables sintering at low temperature. A tungsten and molybdenum have an eutectic relation mutually in the state of 
the lead contained in the dielectric ceramics, and an oxide, and if the assistant oxide which consists of such mixture is 
used, since it can control liquid phase generation temperature by the blending ratio of coal and the amount of liquid 
phase generation can be controlled by the addition, control of sintering temperature becomes easy. Moreover, the liquid 
phase is extruded with particle growth to a grain boundary, moves between another particles, and if sintering of the 
ceramics progresses and it arrives at a sintered compact front face, it will be removed. 

[0010] Therefore, sintering at low temperature is realized conventionally, and it is a consistency after baking 7.5 g/cm3 
It can do highly with the above. Since it is easy to evaporate, there is a problem of the presentation change after baking, 
but lead is useful also as a leaden source of supply, if the effectiveness of making sintering temperature low and 
preventing presentation change is acquired and lead is added to an assistant oxide. Moreover, the ceramic performance 
degradation by the residual of an assistant oxide etc. can be controlled by specifying the content of the sum total of the 
tungsten and molybdenum to lead to 0.37 or less mole ratios. Furthermore, the completion of contraction at 980 degrees 
C or less enables use of inner layer electrodes of the low melting point, such as Ag-Pd, and Ag simple substance, Cu 
alloy, and can reduce cost. 

[001 1] In invention of claim 2, a tungsten and molybdenum are arranged in a grain boundary at high concentration 
rather than the inside of the grain of the dielectric ceramics. Since it is added as an assistant oxide and a tungsten and 
molybdenum exist mostly by the grain boundary, they can make effect on the dielectric engine performance small. 
[0012] Claim 3 is invention of a laminating mold dielectric element, and has the laminated structure between which the 
electrode layer to which the melting point which uses copper as a principal component between the layers of the above- 
mentioned low-temperature baking-ized dielectric ceramics uses an electrode layer or silver thru/or silver, and 
palladium 1083 degrees C or less as a principal component was made to be placed. In using the dielectric ceramics of 
above-mentioned claims 1-3, coincidence sintering with the electrode layer of these low melting point is attained, and 
the manufacturing cost of a component can be reduced greatly. 

[0013] Invention of claim 4 is the approach of manufacturing the above-mentioned low-temperature baking-ized 
dielectric ceramics, and uses the assistant oxide which blended at least one sort of oxide with the plumbic acid ghost at 
the following rate of a compounding ratio among a tungsten and molybdenum. 
PbOx+(W03 y+Mo03 z) 

however, x+y+z=l and 0.005<y+z - < - 0.4, y, and z>=0 - this assistant oxide - AB03 the raw material mixture or 
the temporary-quenching object of the dielectric ceramics which uses as a principal component the constituent which 
contains the lead of 0.9 or more mole ratios to A site when it has the dielectric ceramic presentation of a mold and B site 
is set to 1 — 0.05-mol % - 20-mol % — it comes out comparatively, addition combination is carried out, and it mixes, 
fabricates and calcinates. 

[0014] In a baking process, the assistant oxide of the above-mentioned combination reaches the melting point around 
730 degrees C to 980 degrees C, and forms the liquid phase during a ceramic presentation. The liquid phase offers the 
path of the mass transfer between ceramic particles, promotes the reaction between particles, and particle growth, and 
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enables sintering at low temperature. By making the blending ratio of coal of PbO and (W03+Mo03) into the above- 
mentioned range, by making liquid phase generation temperature low, and considering as the above-mentioned addition 
range, the assistant oxide of this invention controls the amount of liquid phase generation, and enables sintering at low 
temperature. The liquid phase is extruded with particle growth to a grain boundary, moves between another particles, 
and if sintering of the ceramics progresses and it arrives at a sintered compact front face, it will be removed. 
[0015] Since the dielectric ceramics which added and calcinated the above-mentioned assistant oxide is sintered at the 
low temperature at which lead oxide does not evaporate and an assistant oxide hardly remains in a grain, desired 
dielectric characteristics are obtained. Especially, the effectiveness which makes sintering temperature low is acquired, 
an addition holding dielectric characteristics and reinforcement in the 0.05-20-mol range in which it is %. Moreover, 
when the above-mentioned assistant oxide is added to the temporary baking powder after temporary baking, control of 
the amount of the assistant oxide to temporary baking powder etc. becomes easy, and it is PbO and W03. Temporary 
baking powder is made to distribute to homogeneity the assistant oxide made into the predetermined ratio, and at desired 
temperature, the liquid phase can be made to be able to generate and it can calcinate with a more sufficient 
controllability. 

[0016] The approach of claim 5 obtains at least one sort of oxide for the above-mentioned assistant oxide among a 
tungsten and molybdenum to a plumbic acid ghost dry type or by carrying out wet blending, or carrying out wet 
blending, and grinding, dry type or after carrying out temporary baking. PbO, and W03 and Mo03 Although it is also 
good to have mixed each powder, if temporary quenching is carried out and it is the solid solution, the control stabilized 
more will be attained. 

[0017] Let the amount of the lead raw material in the above-mentioned raw material mixture be the amount which 
reduced a supplied part from the lead oxide of the above-mentioned assistant oxide by the approach of claim 6 in the 
process which prepares the raw material mixture of the above-mentioned dielectric ceramics. Since the assistant oxide 
contains the lead oxide which constitutes the dielectric ceramics, if optimum dose ****** weighing capacity of a part to 
be supplied from an assistant oxide at the time of preparation of a raw material is carried out, lead oxide can all also 
reduce raw material cost superfluously to a sintered compact. 

[0018] The approach of claim 7 uses for from the temperature used as 3% of self-contraction of the above-mentioned 
dielectric ceramics before the completion temperature of contraction the above-mentioned assistant oxide which has the 
melting point. In the phase where self-contraction of the dielectric ceramics used as a base material is small, when 
calcinating the Plastic solid in which the internal electrode etc. was formed, if the liquid phase by the assistant oxide 
generates, stress will join electrode material and exfoliation will arise. In order to prevent this, it is good to use an 
assistant oxide with the melting point beyond the temperature used as 3% of self-contraction, and it is making the liquid 
phase form by the completion temperature of contraction, and can calcinate effectively. 

[0019] In case the approach of claim 8 fabricates the above-mentioned dielectric ceramics in the shape of a sheet, it uses 
the sheet which added the above-mentioned assistant oxide for the temporary baking powder which carried out 
temporary quenching of raw material powder or the raw material powder, is printed, carries out the laminating of the 
electrode layer to this, and does coincidence baking of it. If the above-mentioned assistant oxide is added as ** material 
to conductor material, the effectiveness of preventing stress joining electrode material and exfoliation arising by liquid 
phase generation will increase. 

[0020] It comes to blend at least one sort of oxide with a plumbic acid ghost among a tungsten and molybdenum, and it 
is the assistant oxide used as an assistant at the time of sintering the ceramics, and invention of claim 9 has [ the sum 
total content of a tungsten and molybdenum is larger than 0.5 mol %, and ] it. [ smaller than 40 mol % ] 
[0021] It is added by the dielectric ceramics, and the assistant oxide which blended (W03+Mo03) with PbO at an 
above-mentioned rate makes liquid phase generation temperature low, and enables sintering at low temperature. 
Moreover, since the amount of liquid phase generation is controllable by the addition, control of burning temperature is 
easy and does not spoil the dielectric engine performance. 

[0022] It comes to carry out temporary quenching of the mixture which blended at least one sort of oxide with the 
plumbic acid ghost among a tungsten and molybdenum, and the sum total content of a tungsten and molybdenum is 
larger than 0.5-mol %, and the assistant oxide of claim 10 has it. [ smaller than 40 mol % ] PbO and (W03+Mo03) 
form the solid solution by temporary baking, and since the presentation is more uniform, it can distribute during a 
ceramic presentation, and the assistant oxide of claim 12 can form the liquid phase at desired temperature, and can 
advance sintering more effectively. 
[0023] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. The low-temperature baking-ized 
dielectric ceramics of this invention is AB03. When it has the dielectric ceramic presentation of a mold and B site is set 
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to 1, while using as a principal component the constituent which contains the lead of 0.9 or more mole ratios to A site, at 
least one sort in a tungsten and molybdenum is contained. The constituent used as a principal component is specifically 
Pb(Ti, Zr) 03. The PZT system ceramics which permuted the part by elements, such as Sr, Mn, Y, and Nb, is used 
suitably, and outstanding dielectric characteristics are shown. The concrete presentation of the blending ratio of coal of a 
permutation element or each component element etc. can be suitably chosen according to a required property. In 
addition, AB03 When the sum total of the component of A site containing lead sets B site to 1, it can also make A site 
for the dielectric ceramics of a mold to usually be blended so that it may become the mole ratio of A:B:0=1 : 1 :3, but 
contain lead superfluously so that it may become 1.00 or more mole ratios. Since formation of the liquid phase in low 
temperature is made easy by making the lead of the low melting point superfluous and lead tends to evaporate, this is for 
preventing fluctuation of the presentation after baking. 

[0024] By sintering the dielectric ceramics containing lead, such as PZT system ceramics, in this invention using the 
assistant oxide containing at least one sort in a tungsten and molybdenum, low-temperature baking is enabled and it is a 
consistency after baking 7.5 g/cm3 It considers as the above. It is made to become 0.30 or less mole ratios preferably so 
that it may become smaller than 0.37 mole ratios when the content of the sum total of the tungsten which needs to set up 
appropriately the amount of the tungsten which has a lead and eutectic relation in the state of oxide mutually in order to 
maintain the dielectric characteristics which acquired the effectiveness of the formation of low-temperature baking, and 
were excellent, and molybdenum, and is specifically contained in the dielectric ceramics after baking, and molybdenum 
sets lead to 1. Since a tungsten and molybdenum form the liquid phase, stimulate particle growth at the time of baking 
and are extruded by the grain boundary with particle growth, they are arranged in the grain boundary in the presentation 
after baking at high concentration rather than the inside of the grain of the dielectric ceramics. 
[0025] An assistant oxide is used as an assistant at the time of sintering the dielectric ceramics, and comes to blend at 
least one sort in tungstic oxide (W03) and molybdenum oxide (Mo03) with a lead oxide (PbO). W03 Mo03 It is easy 
to be natural even if it adds both. W03 in an assistant oxide Mo03 A total content is the larger range smaller than 40- 
mol % than 0.5-mol %, and is expressed with the following formulas. 
PbOx+(W03 y+Mo03 z) 

However, x+y+z=l, 0.005<y+z<0.4, y, and z>=0WO3 Mo03 A total content is [ the melting point of a low melting 
point phase ] 980 degrees C or more in range other than this, and the effectiveness of reducing the sintering temperature 
of a base material is not acquired. 

[0026] What is necessary is to carry out weighing capacity of these powder, respectively, and just to mix preparation of 
an assistant oxide so that the blending ratio of coal of PbO and (W03+Mo03) may serve as the above-mentioned range. 
Although dry blending may be used for mixing, wet blending performed by distributing water etc. is more desirable. 
Although it is usually desirable to use and grind a ball mill, a medium agitation mill, etc., and to atomize the particle 
size of mixed powder as for after mixing in order to raise reactivity, a grinding process is not necessarily required. 
Preferably, after grinding, temporary baking is performed at 270-730 degrees C, the temporary baking powder to which 
the part was made to react is obtained, and it considers as an assistant oxide. By performing temporary baking, the 
assistant oxide solid solution fused at request temperature is obtained, and the effectiveness which stabilizes liquid 
phase deposit temperature is acquired. The temporary baking powder of assistant oxide is further ground using a ball 
mill, a medium agitation mill, etc., and let it be a desired particle size. In addition, since, as for an assistant oxide, 
temporary baking advances after mixing with the dielectric ceramics, and during baking, it is not necessary to 
necessarily perform temporary baking in a preparation phase. 

[0027] In this invention, in order to promote baking at the low temperature of the dielectric ceramics containing lead, 
such as PZT system ceramics, addition combination of the above-mentioned assistant oxide is carried out. Drawin g 1 is 
the production process Fig. of the dielectric ceramics, and in case it mixes at the process of (2) after carrying out 
weighing capacity of the raw material compound of the dielectric ceramics at the process of (1), you may add and mix 
to coincidence, but if the mixed powder of (3) is added after the process which carries out temporary baking, since 
control of the amount of the assistant oxide to temporary baking powder etc. will become easy, an assistant oxide is 
more desirable. Usually perform temporary baking of the dielectric ceramics at 500-900 degrees C, and water, a binder, 
a dispersant, etc. are made to distribute the temporary baking powder obtained at the process of (4), and the pulverized 
powder of an assistant oxide is added, and it mixes and grinds. The addition of an assistant oxide is made into the 0.05- 
20-mol range of % to the obtained temporary baking powder, the effectiveness that an addition makes sintering 
temperature low less than [ 0.05 mol % ] is not acquired, but if 20-mol % is exceeded, a consistency will fall. Sintering 
temperature can be made low so that there are many additions more than at 0.05 mol %, but when six-mol % is 
exceeded, it is desirable to consider as the 0.05-6-mol range of % suitably from firing time becoming long, in order to 
be in the inclination for reinforcement to fall and to acquire a required property. In addition, this addition is based on the 
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rate to the constituent after temporary baking also when adding an assistant oxide into the raw material powder of the 
dielectric ceramics. 

[0028] After mixing the temporary baking powder and the assistant oxide of the dielectric ceramics, in the process of 
(5), after performing a granulation and drying by the usual approach, shaping and baking are performed at (6) or (7) 
process. Addition of an assistant oxide can also be performed into the granulation process of (5) besides in the grinding 
process of the temporary baking powder of the dielectric ceramics of (4). Although burning temperature is based on 
PbO/(W03+Mo03) ratio in an assistant oxide, and the addition of an assistant oxide, it is usually desirable in 
atmospheric air to carry out in 730-1 100 degrees C. Moreover, at this time, it is desirable to arrange powder, such as a 
zirconium dioxide (Zr02) and lead zirconate (PbZr03), around a Plastic solid, and a reaction can remove the liquid 
phase product which came out to the front face after sintering. 

[0029] By this invention, the assistant oxide which blended (W03+Mo03) with PbO at a predetermined rate can be 
made into the condition that a desired low melting point liquid phase nucleus distributes during a PZT presentation, by 
adding at the time of temporary baking of the PZT system dielectric ceramics. If the mixture of this dielectric temporary 
baking powder and an assistant oxide is calcinated in air, an assistant oxide greets the melting point at the predetermined 
temperature of 730 degrees C or more, and it will be in the condition that the liquid phase exists in a lot of dielectric 
temporary baking powder at a minute amount. The liquid phase offers the path of mass transfer between particles, and 
generates a dielectric in response to mutual. Furthermore, the liquid phase promotes particle growth of a dielectric, is 
extruded with particle growth to a grain boundary, and moves between another particles. Dr awin g 2 is PbO-W03. It is 
the state diagram of a system and is PbO and W03. It has the melting point according to the blending ratio of coal, and 
is W03. When [ 16.5 mol ] it is %, what the melting point becomes the lowest (730 degrees C) is understood. W03 
Mo03 The same inclination is seen also when it replaces with. 

[0030] Thus, the liquid phase can repeat a dielectric particle, contact, a reaction, particle growth, and migration, 
sintering can progress to the whole, and the PZT system dielectric ceramics can be made to sinter at the desired low 
temperature which evaporation of PbO does not produce by adjusting PbO/(W03+Mo03) ratio, and an addition. On the 
other hand, since it will react with ZrO, will be removed from a sintered compact, if the liquid phase reaches on the 
surface of a sintered compact, and it hardly remains during a sintered compact presentation, the effect on dielectric 
characteristics is small. Moreover, since Pb contained in a dielectric presentation is superfluously supplied from an 
assistant oxide, if optimum dose ****** preparation of the PbO which is the weighing capacity process of a dielectric 
raw material, and is equivalent to a part for the supply beforehand is carried out, since raw material cost is also 
controlled, PbO is all superfluously advantageous to a sintered compact. When the dielectric used as a principal 
component contains Pb superfluously, the optimum dose increase in quantity of the PbO is carried out conversely. 
[0031] It calcinates, after fabricating the mixed powder of an assistant oxide and a dielectric in a predetermined 
configuration, carrying out printing formation and carrying out two or more laminatings of the conductor material used 
as an internal electrode to the obtained Plastic solid front face, in using for a piezoelectric transformer etc. the dielectric 
obtained as mentioned above. Since the melting point which low temperature sintering 980 degrees C or less is possible, 
and uses silver (Ag simple substance) cheap as a conductor material, and silver-palladium, copper or copper as a 
principal component by adjusting suitably a dielectric presentation, and PbO/(W03+Mo03) ratio of an assistant oxide, 
and an addition can use a copper alloy 1083 degrees C or less etc. at this time, a manufacturing cost can be reduced. 
[0032] In addition, when carrying out coincidence baking of the layered product which has an inner conductor in this 
way, depending on the assistant oxide to be used, interlaminar peeling may arise after baking. Before self-contraction of 
a dielectric becomes 3%, this tends to happen, when a liquid phase nucleus occurs, and nonuniformity is made as for it 
to contraction according to uneven liquid phase nucleation, and it is considered for this to cause stress in an inner 
conductor side. So, in case an assistant oxide is chosen, it is good to choose a presentation which is in before the 
temperature which serves as a point completing [ contraction ] from the temperature which 3% of self-contraction of the 
dielectric with which the melting point serves as a base material completes, and generating of exfoliation can be 
prevented. Moreover, the same assistant oxide of a presentation can also be added as ** material into an inner conductor 
ingredient, and the prevention effectiveness of exfoliation can be heightened. 
[0033] 

[Example] Using the high grade powder of lead oxide and tungstic oxide as a raw material of an assistant oxide, 
weighing capacity was carried out so that the blending ratio of coal might become Pb083.5 mol %:W03 16.5 mol %. It 
is PbO and W03 by carrying out temporary baking at 500 degrees C among atmospheric air for 2 hours, after blending 
these dryly. The assistant oxide temporary-quenching powder (chemical formula-b0.835 WO 0.165O1 .33) to which the 
part was made to react was obtained. The assistant oxide powder which atomized and dried this assistant oxide 
temporary-quenching powder with the medium agitation mill next, and raised reactivity was obtained. 
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[0034] On the other hand, as dielectric ceramics, the last presentation is {(PbO.91SrO.09) Zr0.538 TiO.452 0.01(Y0.5 
Nb0.5)} O3+0.5atm%Mn 203. Weighing capacity of the high grade powder, such as the lead oxide and strontium oxide 
used as a raw material, a zirconium dioxide, titanium oxide, an oxidization yttrium, niobium oxide, and manganese 
oxide, was carried out so that it might become. After blending these ****** dryly, dielectric temporary baking powder 
was obtained among atmospheric air by carrying out temporary baking at 850 degrees C for 7 hours. Next, the 
dispersant (it is 2.5 % of the weight to dielectric temporary baking powder) was beforehand mixed with 2.51. of water, 
in this mixture, 4.7kg of dielectric temporary baking powder was mixed gradually, and the dielectric temporary- 
quenching powder slurry was obtained. The pearl mill equipment which is a medium agitation mill was used, this 
dielectric temporary-quenching powder slurry was mixed, it ground, and particle diameter was controlled to 0.2 
micrometers or less. 

[0035] The weight of dielectric temporary baking powder is received [ binder ] in a release agent 4% of the weight to 
the weight of dielectric temporary baking powder to the dielectric temporary-quenching powder slurry under grinding 
with a medium agitation mill. 1.9 % of the weight, After mixing 13.5g (0.16501.33:0.5 mol % of PbOO.835 WO(s)) for 
the assistant oxide which was able to be performed above to the weight of 1600g of derivative temporary baking powder 
and performing stirring for 3 hours, it dried with the spray dryer and the granulation powder of a dielectric temporary- 
quenching object was obtained. Shaping equipment is used for the obtained granulation powder, and it is 2 a 3.27g 
[/cm ] load to the diameter of 20mm, and the thickness of 1mm. The Plastic solid was acquired by fabricating. 
[0036] The acquired Plastic solid was put into magnesia ****** 5 and optimum dose arrangement of the lead zirconate 
(PbZr03) was carried out, and it put into the perimeter in the firing furnace, it held at 950 degrees C among atmospheric 
air for 4 hours, and the dielectric sintered compact was obtained. This sintered compact was printed after lap processing, 
the silver paste was printed to both sides, and electrode baking was performed at 680 degrees C. Furthermore, what 
carried out periphery polish and made size the diameter of 13mm and the thickness of 0.5mm was polarized over 30 
minutes by 130 degrees C and 0.9kV in the silicone oil, and the dielectric was obtained (sample 1). 
[0037] The consistency of the obtained dielectric ceramics was 7.62 (g/cm3), and the piezoelectric constant d31 was 
1.51x1010 (m/V). With the base material which does not add an assistant oxide, it turns out with the burning 
temperature of 1050 degrees C that low-temperature baking is attained, a consistency holding high sintered density and 
a piezo-electric property, since 7.62 (g/cm3) and a piezoelectric constant d31 are 1.62x1010 (m/V). Moreover, when the 
content of a tungsten in the dielectric ceramics was investigated, it was Pb:W= 1:0.0004-0.0009 (mole ratio). A 
measuring method is [0038]. Moreover, it is W03 as a raw material of an assistant oxide. It is Mo03 to instead of. 
Assistant oxide powder (chemical formula-b0.835 MoO 0.1 6501. 33) was obtained by the same approach except having 
used. It polarized and the dielectric was obtained, after having mixed 13.5g (0.5-mol %) to the weight of 1600g of the 
derivative temporary baking powder of the same presentation, having fabricated by the same approach, calcinating this 
assistant oxide by it and performing electrode baking (sample 2). 

[0039] The consistency of the obtained dielectric ceramics was 7.64 (g/cm3), and the piezoelectric constant d31 was 
1.49x1010 (m/V). Moreover, when the content of molybdenum in the dielectric ceramics was investigated, it was 
Pb:Mo=l :0.0005-0.0015 (mole ratio). As mentioned above, also when it replaced with tungstic oxide and molybdenum 
oxide was adopted, it checked that same operation and effectiveness which forms the phase of the low melting point and 
promotes low temperature sintering were acquired. 

[0040] Next, PbO and W03 of an assistant oxide It changed in the range which shows the blending ratio of coal in 
Table 1, and except having made the addition of an assistant oxide into three-mol %, it calcinated by the same approach 
as the above-mentioned sample 1, the relation between the blending ratio of coal and sintering temperature was 
investigated, and the result was indicated to Table 1. The TMA analyzer performed measurement of sintering 
temperature. It is W03 so that it may see in Table 1 . Sintering temperature becomes low as loadings increase, and it is 
PbO/W03. It becomes low temperature most in the 83/17 neighborhood. W03 If the blending ratio of coal increases 
more than this, sintering temperature will rise again. It is W03 in order to acquire the effectiveness over the burning 
temperature (1050 degrees C) of a base material by addition of an assistant oxide. It turns out that the blending ratio of 
coal is larger than 0.5-mol %, and should be just smaller than 40%. 
[0041] 
[Table 1] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



6/28/2004 



Page 7 of 1 1 



X 




0 


1050 


0.005 


1050 


0.01 


1010 


0.03 


990 


0.17 


920 i 


0.25 


1010 


0.3 


1030 


0.4 


1040 


0.5 


1100 


0.665 


970 



[0042] Moreover, PbO and W03 of an assistant oxide It is PbO:83.5-mol % and W03 about the blending ratio of coal. : 
It presupposed that it is fixed at 16.5-mol %, the addition to a dielectric presentation was changed as shown in Table 2, 
it calcinated by the same approach as the above-mentioned sample 1, and the piezo-electric property was measured and 
it was indicated in Table 2 and Table 3 as the burning temperature from which sintered density equivalent to a base 
material (addition % of zero mol) is obtained, clear to Table 2 - as ~ an assistant oxide -- 0.02-mol % if it adds, from 
a base material, the effectiveness which makes burning temperature low will be seen and baking at 950 degrees C or less 
will be attained by 0.05-mol% of addition by 1000 degrees C or less, and 0.2-mol% of addition. Although burning 
temperature becomes low with the increment in an addition, when 20-mol % is exceeded from Table 3 here, sintered 
density is 7.50 (g/cm3). Since it is less and falls greatly, an addition is understood are good to consider as the 0.05-20- 
mol range of %. 

[0043] Moreover, when the addition to the dielectric presentation of an assistant oxide measured the lead under 
dielectric presentation, and the ratio of a tungsten, respectively about the 20-mol sample it is [ sample ] % (sample 3), 
and the 25-mol % of sample (sample 4), the sample 3 was Pb:W=l :0.24 - 0.30 mole ratio, and the sample 4 was 
Pb:W=l:0.37 - 0.40 mole ratio. 

[0044] As mentioned above, in order to acquire the effectiveness of this invention, it is required for the tungsten when 
setting lead to 1 and the mole ratio of the sum total of molybdenum to be smaller than 0.37, and it is good preferably in 
the mole ratio of the sum total of a tungsten and molybdenum being 0.30 or less. 

[0045] In addition, although it is in the inclination for a piezoelectric constant to fall by the increment in an addition 
from Table 3, this is considered for burning temperature to be lower than a base material, and for a particle growth rate 
to fall. In such a case, when it is 0.5 -mol % of an addition, as firing time can be lengthened and it can promote particle 
growth, for example, it is shown in Table 4, a base material, an EQC, or the piezo-electric property beyond it is acquired 
by lengthening firing time with 6 hours or 8 hours. 
[0046] 
[Table 2] 
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[0047] 
[Table 3] 
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[0048] 
Table 41 
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[0049] Furthermore, by preparing dielectric temporary baking powder by the same approach as the above-mentioned 
sample 1, adding an assistant oxide into the granulation powder, and fabricating using shaping equipment, as shown in 
drawing 4 (a), one piece of with four piece, and a thickness [ the diameter of 20mm and thickness of 4mm ] circular 
Plastic solid sheets 3 was prepared for the circular Plastic solid sheet 2 with a diameter [ of 20mm ], and a thickness of 
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1mm, and the laminating mold piezoelectric device 1 was manufactured using these. The procedure is explained below. 
First, as shown in drawing 4 (b), the internal electrode which consists of two printing patterns 4A and 4B was formed, 
the laminating of these was carried out to the upper front face of the Plastic solid sheet 2 of four piece by turns, and they 
were stuck to it by pressure. What formed Plastic solid 2A and printing pattern 4B for the thing in which printing pattern 
4A was formed was shown as a Plastic solid 2B, using Ag paste as an internal electrode ingredient. The usual molding 
press performed sticking by pressure. It is at the inside of atmospheric air, and 950 degrees C about this layered product. 
After carrying out time amount baking, as shown in drawing 4 (a), the external electrodes 5A, 5B, and 5C were formed 
using Ag paste, and the laminating mold piezoelectric device 1 was obtained. Then, the lead wire which is not illustrated 
is given, polarization is given and it can use as a piezoelectric transformer. 

[0050] Moreover, it can use as another application also as an electrostrictive actuator shown in drawin g 5 (a). This 
comes to carry out the laminating of the Plastic solid sheets 1 1 and 12 of the rectangle shown in drawing 5 (c) like 
drawing_5„ (d), and, in 1 13, the dummy section and 1 12 make the buffer section and 1 1 1 the mechanical component. In 
Plastic solid sheet 1 1 rectangular front face, printing formation of the electrode layer 41 or the electrode layer 42 from 
which a printing pattern differs except for the band-like section 1 19 has been carried out. Electrical installation serves as 
electric juxtaposition and a mechanical serial as it is shown in drawin g 5 (b). The side-face electrodes 51 and 52 are 
applied, and the lead wire which is not illustrated is attached in this and it is made to act on it as an electrostrictive 
actuator, as shown in d rawin g 5 (a) and (b). 

[0051] Here, the existence of interlaminar peeling after baking when changing various combination of the assistant 
oxide added into granulation powder was shown in Table 5. Under the present circumstances, two kinds of diameters of 
a primary particle of granulation powder were prepared, and the existence of interlaminar peeling in each particle 
diameter was shown. Moreover, the contraction curve in each particle diameter was shown in drawing 3 . As shown in 
Table 5, exfoliation is easy to break out, so that particle diameter is still larger and contraction in low temperature is so 
small that the melting point of an assistant oxide is low. If the liquid phase occurs before 3% of self-contraction is 
completed although self-contraction of a dielectric occurs before the liquid phase karyogenesis by the assistant oxide 
from drawing 3 at the time of baking, it can be said that a rapid place and a loose place occur in contraction, this causes 
stress in an inner conductor side, and exfoliation is produced according to uneven liquid phase nucleation (based on 
temperature distribution). Therefore, in order to calcinate without exfoliation, in the contraction curve of drawing 3 , it 
is good for the range to the temperature which serves as a point completing [ contraction ] from the temperature which 
3% of self-contraction of a dielectric completes to choose based on the state diagram showing the assistant oxide 
presentation which has the melting point in drawin g 2 . a inner layer - a conductor — Ag-Pd — when a conductor is 
used, generally burning temperature is about 980 degrees C, therefore the selection range of the assistant oxide in this 
case has become 40-mol % from 980-degree-Cor less, i.e., 0.5 mol, %. 



[0052] 
Table 51 
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[0053] Thus, without reducing the base material engine performance by choosing a suitable assistant oxide, low- 
temperature baking can be enabled, moreover interlaminar peeling of a layered product can be prevented, and the 
dielectric element of high performance can be obtained. Furthermore, when the same assistant oxide of a presentation 
was added into the inner conductor ingredient and the same laminating mold piezoelectric device 1 was manufactured, 
the incidence rate of exfoliation was able to be made lower. 
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[0054] In addition, in the above-mentioned example, although Ag was used for the inner conductor, the conductor 
which uses Cu as a principal component can also be used, and the same effectiveness is acquired. The example which 
manufactured the same laminating mold piezoelectric device 1 is shown below by using Cu as an inner conductor. 
[0055] First, the assistant oxide powder added by the dielectric ceramics was prepared by the same approach as the 
above-mentioned sample 1 (chemical formula-b0.835 WO 0.165O1.33). Similarly, the last presentation is 
{(Pb0.91Sr0.09) Zr0.538 TiO.452 0.01(Y0.5 Nb0.5)} O3+0.5atm%Mn 203 as dielectric ceramics. So that it may 
become Mixing and the dielectric temporary-quenching powder slurry which carried out temporary baking, obtained 
dielectric temporary baking powder, and slurred this are received in raw material powder, the above-mentioned assistant 
oxide - 0.5-mol % ~ after adding and mixing (it is 13. 5g to 1600g of dielectric temporary baking powder), it dried with 
the spray dryer and the granulation powder of a dielectric temporary-quenching object was obtained. 
[0056] The solvent, the binder, the dispersant, etc. were added, and after atomizing and mixing with ball mill 
equipment, vacuum degassing was carried out to the obtained granulation powder one whole day and night. Then, it 
fabricated to the green sheet at intervals of [ of 125 micrometers ] the blade with doctor blade equipment. After drying 
at 80 degrees C, the sheet cutter cut the green sheet to lOOmmx 150mm, and it obtained the green sheet of the 
predetermined number of sheets of the same configuration. 

[0057] subsequently, CuO paste (50 % of the weight [ of CuO contents ], and CuO specific-surface-area 10m2/g) 1800g 
— receiving — the Mitsui Mining & Smelting make (1050YP) — after adding Cu powder: 1.1 lg and ****:0.09g, it mixed 
with centrifugal-force stirring degassing equipment, and electrode paste was prepared. **** is the fine particles of the 
same presentation in the fine particles which consist of a part of component of the same presentation as dielectric 
materials, and dielectric materials, and is added by the purpose which doubles contraction with the purpose and 
electrode layer which improve the bond strength of an electrode layer and a dielectric layer, and a dielectric layer. 
[0058] With screen-stencil equipment, after printing this electrode paste by the predetermined printing pattern with the 
thickness of 5-8 micrometers on the upper front face of each green sheet, it was dried at 130 degrees C for 1 hour. 
Furthermore, the 20-sheet (and green sheet which considers three layers of upper and lower sides at a time as sheet for 
dummies, and has not carried out electrode printing laminating) laminating of the green sheet which carried out 
electrode printing is carried out, it fixes to the fixture for sheet pressurization, and they are for 10 minutes and 80 kg/m2 
at 120 degrees C. Thermocompression bonding was carried out and the mother block was acquired. The sheet cutter cut 
the mother block which carried out thermocompression bonding to 9mmx9mm. 

[0059] In addition, in this example, although the mother block was cut to 9mmx9mm, if it is more than 2mmx2mm, it is 
possible to acquire effectiveness with the application of this invention. Moreover, although laminating number of sheets 
was made into 20 sheets, number of sheets can be made arbitrary. 

[0060] Next, they are for 10 minutes and 160 kg/m2 at 120 degrees C with lamination equipment. Thermocompression 
bonding was carried out again and the layered product unit 62 of the dielectric sheet 61 shown in drawing 6 (a) and the 
internal electrode layer 7 was obtained. Here, the internal electrode layer 7 is arranged so that the electrode layer 71 of 
the printing pattern which an electrode exposes to a right lateral, and the electrode layer 72 of the printing pattern which 
an electrode exposes to a left lateral may be located by turns. The 20-piece laminating of this layered product unit 62 is 
carried out, and they are for 10 minutes and 500 kg/m2 at 80 degrees C with lamination equipment. By carrying out 
thermocompression bonding again, the layered product 6 of the dielectric sheet 61 shown in drawing_6 (b) and the 
internal electrode layer 7 was obtained. 

[0061] the condition of the obtained layered product 6 of having arranged the MgO plate 81 (15mmxl5mmxlmm) of 
20% of porosity up and down as shown in drawin g 7 (a) - MgO - it put into the bowl like this, temperature control was 
carried out according to the cleaning pattern shown in drawing 7 (b) (500 degrees C of cleaning maximum 
temperatures), and it degreased in atmospheric air. 

[0062] The layered product 6 which degreased performed reduction processing according to the reduction processing 
pattern of drawing 8 . In the ambient atmosphere containing Ar-H25000(l%) ml and 026.5(pure) -6ml, at the time of 
reduction, oxygen tension was managed by the oxygen tension outside a furnace, and it controlled to be set to 1x10-23.5 
atm at this time. Moreover, processing temperature (maximum temperature) was made into about 350 degrees C, and 
was held at this temperature for 12 hours. Moreover, like the above-mentioned cleaning process, the MgO plate 81 has 
been arranged to the upper and lower sides of a layered product 1, it put into the bowl like this, and reduction processing 
was performed. 

[0063] In addition, if the ambient atmosphere at the time of reduction processing can realize 1x10-14 - 1x10-25 atm by 
the oxygen tension outside a furnace, the concentration and throughput of gas will not be that limitation (at this time, the 
substantial ratio of H2 and 02 supplied in a furnace is H2:02 =50:50-50:5.5). Processing temperature should be 305- 
400 degrees C, and the holding time should just be 0.25 - 16 hours. 
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[0064] the layered product 6 which performed reduction processing - MgO - it put in into the bowl like this and 
calcinated by reducing atmosphere. The fixture configuration in this case was shown in drawing 9 (a) and (b), has 
arranged the cordierite honeycomb object 83 to the upper and lower sides of a layered product 6 as the MgO plate 81 
(15xl5mmxlmm) and a spacer, respectively, and installed the MgO weight 82 (l-10g) in them at the topmost part. The 
appearance of the MgO weight 82 presupposed that it is almost the same as the MgO plate 81. Furthermore, in order to 
prevent PbO evaporating from a layered product 6 and changing a presentation like drawing 9 (c) at the time of an 
elevated temperature, optimum dose (it is 32g in total) arrangement of the lead zirconate (PbZr03) 84 was carried out 
like this at the base periphery section of a bowl. 

[0065] It put into the furnace which can calcinate the bowl which will arrange and cook a layered product 6 as 
mentioned above by reducing atmosphere as shown in drawing 10 , and reduction baking was performed according to 
the temperature and the ambient atmosphere pattern shown in drawin g 1 1 . Piping for introducing C02 (pure), Ar-CO 
(10%), and 02 (pure) is connected to the furnace room like drawing JO , and the flow can be controlled with a massflow 
controller, respectively. 

[0066] The temperature up was carried out by the temperature and the ambient atmosphere pattern shown in drawing 1 1 
(a), in the burning temperature of about 950 degrees C, and a furnace, by oxygen tension lxl0-6atm, it held for about 4 
hours and the dielectric sintered compact was obtained. Thus, the profile when performing reduction baking came to be 
shown in d raw ing 1 1 (b), and has realized the ambient atmosphere by which less than lOy atm (y=x**0.3) was 
stabilized to desired value x at the time of temperature and oxygen tension fixed. 

[0067] In addition, not only above the temperature and the ambient atmosphere pattern of drawing 1 1 (a) but above 500 
degrees C, it is temperature-partial pressure within the limits shown in drawin g 1 1 (c), and reduction baking can also be 
performed, as shown in drawing, PbO is not returned but the same effectiveness is acquired by setting up the oxygen 
tension range where Cu does not oxidize according to burning temperature. At this time, it is C02. : It is desirable to be 
supplied all over a furnace by the ratio of CO:02 =5000:500-0:20-0. Moreover, about a programming rate, it is 
desirable to consider as the range of 300-20 degrees C/hour. 
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It is an object of this invention to provide a high 
dielectric constant porcelain composition that has a large 
dielectric constant as well as a low temperature coefficient 
that is capable of being baked at a low temperature 1100 °C or. 
less, and that is outstanding at moistureproof-loading tests 
when used as a laminating ceramic condenser. 

The present invention provides a high dielectric 
constant porcelain composition comprising a porcelain 
composition and 0.01-1.0 wt% of at least one member selected 
from the group consisting of oxidized silver Ag 2 0, oxidized 
palladium PdO and oxidized platinum PtO, 

wherein said porcelain composition is obtained by 
replacing a part of Pb in the formulation, xPb ( Zni/ 3 Nb2/3) O3 - 
yPb (Mgi /3 Nb 2 /3) 0 3 - zPbTi0 3/ with 1-35 mol% of one or both of Ba 
and Sr, 

wherein said formulation lies within the joining lines 
of the points 

a (x=0.50, y=0.00, z=0 . 50) , . 
b (x=1.00, y=0.00, z=0.00), 
c (x=0.20, y=0.80, z=0 . 00) and 
d (x=0.05, y=0.90, z=0.05) 

of the ternary phase diagram in which Pb ( Zni /3 Nb 2 /3) 0 3 , 
Pb (Mgi /3 Nb 2 /3) 0 3 , PbTi0 3 are regarded as an apex. 



